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COMPLETE SPECIFICATION 

r ents in or relating to Sulfur-Containing Bisphenols 

We, Consolidation Coal Company, a corporation organized and exisrine 
°1 ^ State of D-Jaware, UmtedStates of lEerica/of Ko^S 
5.r&K P?TObu, ? b ' State of Pennsylvania, United States of America, do hE 
declare the invention, for which we pray that a patent may be gramedto uTandthe 

SS^L^J! 10 * • *ssszx t 

This invention relates to a new and useful group of sulfur-containirig bisphenols 
by the formula DRxR'xRD, in which R is an aryl or alkyl aryl, or a s^tutedTvl 

R' SI a 9 I £j r ° UP ' if * Vfte ° Xygea ° r «« preferably HSS^up 

L A."? 1 ° r su ^tuted alkyl group and D is an inhibitor group taken fromfce 
da* of hydroxy, amino, sulfide, disulfide or polysulfide groups. Tht utility setforth 
m the patents for the described compounds is stabilization 0 f lStmg oS 
generarfonSi" PrCSCnt ,nveario ° *« » provided a compound having the 



t -butyl 



where R, is an alkyl group containing 1 to 4 carbon atoms, R, is hydrogen or an alkvl 
groupconrauung 1 to 3 carbon atoms and the group t-butyi is a tmia^ butyl graub. 
mere is runner provided a compound having the general formula: 




20 



^L?4 I'.iZ 4 / 0 *? °f a aIkyl containing 1 to 3 carbon atoms and t-butyi 
represents a tertiary butyl group. 

formuU- addid ° n ' PreSem iDVenti0D P rovide » • compound having the general 
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where R t is an alkyi group containing 1 to 4 carbon atoms and mbutyl is a tertiary 

butyl group. . r , 

The chemical compounds of the present invention possess the property of lower- 
ing the cholesterol content of blood, in marked contrast to the other members of the 5 

genus to which they belong. . , .„ . _ - . 

The compounds of the present invention may be readily prepared as follows. 
The starting material is the appropriate mercaptophenol which may be prepared 
by any one of several known methods. For details, see Orgamc Reactions, Vol HI, 
Oiapter 6, by Roger Adams et al; also the article by Muller et al, entrtJed K Unter- io 
suchungen an schwefelhaltigen Aroykn mfctels der Electronenresonanz m Liebigfs 
Annakn (1961, Bd. 645, p. 79); and U.S. Patent No. 3,129,262. 

The mercaptophenol is then reacted with the appropriate carbonyl compound m 
the presence of an acid catalyst, preferably a strong acid catalyst. Most preferably, 
the strong acid catalyst is hydrochloric acid, but, alternatively the strong aad catalvst 15 
may be sulfuric acid, perchloric acid or a strong acid canonic exchang e resin. For 
example, the mercaptophenol can be dissolved in a minimum of inert solvent to give a 
homogeneous reacrion mixture. Concentrated hydrochloric acid (0.05 mole per mole 
of mercaptophenol) and at least a stoicMometric amount of the appropriate carbonyl 
compound are added, the former serving as a strong add catalyst. The reaction is 20 
as follows: — 



X OH ^ 
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where Ri is an alkyi group containing 1 to 4 carbon atoms and R. is hydrogen or an 
alkyi group containing 1 to 3 carbon atoms. Hie group "t-butyl >s awnaiy 
25 butyl sroup. In the above representation of the reaction the numerals (Vm) and 25 
(XT) referto the specific molecules adjacent thereto while the numeral (I) refers to 
the reaction as a whole. Initially, the reaction is mildly exothermic but external 
m heatimr is thereafter required to maintain the reacrion temperature. Reaction times 

|=- of about one to six hours are usually required. The product is then recovered from 

I I y an the reacrion mixture in conv ention al fashion. ^ t - 

The following examples illustrate the preparation of the novel compounds or 

Othis invention. In each example, the chemical name and structural formula of the 
compound are first given. The identity of the compound produced m each example 
QJ* was established by conventional methods of analysis. 
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. 4-Mercapto-2,6-di-t-butylphenol (47.5 g. s 02 mole) was dissolved in 50 ml. of 
methanol at 50 C C; and 1.0 nil. of concentrated HQ was added. Then, acetone (5.8 
g., 0.1 mole) was added with a resultant temperature rise to 60° C The reaction 
mixture was maintained at 60 — 65°C for an hour and a half by heating; and was 
then allowed to cool. Ten ml. of 10% aqueous sodium bicarbonate was added. 
The mixture was diluted with water and extracted with ether. The residue from the 
evaporation of the ether solution, a yellow viscous oil, was recrystallized from ethanol 
to form a white crystalline solid. This first crop of crystalline product weighed 33.0 
g. and had a melting point of 124.5°— 126°C The liquor from the crystallization 
was concentrated by evaporation to yield 12.0 g. of a second crop of fine, slightly 
colored crystalline product. The total yield was 87.4%. When recrystallized from 
isopropyl alcohol, the product had a melting point of 125°— 126J°G 




4*Mercapto-2,6-di-t-butylphenol (47.6 g.) was dissolved in 50 ml. of methanol. 
Ethyl methyl ketone (18.15 ml.) was added to the solution and then 8 mL of 12N HQ 
was added causing a temperature rise from 16° to 26°C The reaction mixture was 
heated to reflux (69°C) and held there for two hours. It was then cooled below 
50°C; and 100 mL of benzene was added. The mixture was transferred to a 
separatory funnel and washed three times with 100 mL of water to remove the acid. 
The benzene phase was separated and dried over magnesium sulfate. Benzene was 
stripped off on a rotary evaporator. A clear yellow oil remained which weighed 533 
g. The oO was dissolved in 100 mL of ethanoL The ethanol solution was seeded, 
by the addition of previously formed crystals of the product, and cooled. Crystals 
formed which were collected by filtration and washed with 100 mL of cold ethanol. 
They were then air dried for five hours, and dried in a vacuum desiccator for one 
hour, after which they weighed 29.2 g. and melted at 134.1° — 135.8°C The product 
was recrystallized from 150 ml. of hot ethanol. The crystals were washed with 100 
ml. of ethanoL They were then air dried for 2-1/2 hours and in a vacuum 
desiccator for one hour. The final weight of the product was 22.5 g. (44.7% 
yield), and the final melting point was 135.0° — 136.8°C. 

Example 3 

Preparation of: 

2^-Bis-(3-t^tyl-5-methyl-4-hyaroxyphen^ 




4-Mercapto-6-t-butyl-o-cresol (393 g, 02 mole) was dissolved in 30 mL of 
methanol at room temperature, and 1 ml of concentrated HQ was added. Then, 
acetone (5.8 g^ 0.1 mole) was added with a resultant temperature increase from 27°C 
to 46°C The reaction mixture was maintained by heating at 42°— 45°G for 45 
minutes, and then allowed to stand for several hours. Large colorless crystals were 
observed in the flask. The liquid portion of the mixture was decanted. The crystals 
were dissolved in ether, and the solution extracted with 10% NaOH, water washed 
to pH 7, dried, and filtered. The ether solution was evaporated to dryness. The 
residue, a slightly colored waxy solid, was extracted with 250 mL of reflating hexane. 
The hexane solution was allowed to cool to room temperature with resultant precipita- 
tion of 343 g. of a white powder which had a melting point of 156.5°— 158. 0°C 
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The hexane filtrate was evaporated to about 30 ml., allowed to cool to room tempera- 
ture. Slightly yellow crystals precipitated amounting to 3.0 g. 9 and having a melting 
point of 1533° — 155J°C. Based upon the two crops of crystals, the yield was 
86 %. A small sample of the product, recrystallized from isopropyi alcohol and 
dried in vacuo at 110°Q, had a melting point of 155 156.5°C 

Example 4 

Preparation of: 

2^-Bis^3-isopropyl-5-t-butyl-4-hydroxyphenylmercapTo)-propane 




4.Atecapto-2,(Wi^butylphenol (47 J g„ 02 mok) was dissolved in 50 mLot 
methanol at 50°C, and 1.0 mL of concentrated HQ was added. TTien, n**™^ 
(44 s* 0.1 mok) was added with no observable temperature nse from53*u. inc 
45 stirred solution was heated to maintain temperature at 50^-55°C ^ wo tours 
and then was allowed to cool to room temperature. That, 95 mL <*10% NaHWi 
was added to neutralize the HQ. The mixture was dilated with 200 mL of 
fT Tr »^ with ether, and the ether portion extracted with 10% NaOH to remove 
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10 2-IsoproOTl^mercaptCH^t^utylphenol (44.8 g.), 50 ml. of methanol, and 14.6 

ml of acetone were mixed. To the mixture, 8 mL of 12N HQ was added causing a 
temperature rise from 26° to 41°C The reaction mixture was heated for two hours 
to a final temperature of 54°C The solution was cooled in a water bath. Benzene 
(100 ml ) was added to the solution in a separatory funnel, and the mixture washed 

15 three times with 100 ml of water to neutrality. The phases were separated, and the 
benzene phase was dried over magnesium sulfate. The magnesium sulfate was then 
filtered off, and the benzene was removed, first by stripping on a rotary evaporator 
and then by oil pump vacuum. A clear colorless, viscous oil remained which weighed 
51 g The oil was dissolved in 75 ml. of hot hexane and washed with 50 ml. of 10 / 0 

20 caustic solution, followed by 100 mL of water. The hexane solution was 20 
made slightly acidic with a few drops of HQ. It was then washed to rieutralrry with 
water and dried over magnesium sulfate. After the magnesium sulfate was filtered off, 
the hexane was stripped off under vacuum, leaving an oil which was dissolved in 60 
ml. of hot methanoL The methanol solution was cooled. Ddonized water was added 

25 in increments until crystals began to form. A total of 10 mL of daonizcd water was 25 
necessary. The o% containing a small amount of crystals, was cooled for completion 
of crystallization. The crystals were filtered and washed with 8 mL of 85.7% 
methanol solution, and air dried. The weight of the crystals was 11.9 g„ and they 
melted at 74° — 77°C The crystals were triturated with 60 mL hexane and cooled. 

30 They were then filtered off and air dried. The dry product crystals weighed 19.1 
grams and melted at 77.0°— 79.8°G A second crop of crystals was obtained from 
Se methanol solution by adding cooled hexane to the solution and by further cooling. 
The slightly yellow crystals so obtained were filtered and air dried. They weighed 
175 land melted at 74.2°— 75.4°C The two crops were dissolved in 25 mL of 

35 hoi h~™»- The crystals which precipitated were recovered by filtration and air 
dried The final weight of product was 252 grams (51.6% yield), and the melting 
point was 743°— 78^°C 

•Example 5 

Preparation of: 
40 14-Bis^,5-dM-butyl^hydrox^ 
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unreacted mercaptophenol. The ether portion was water washed to pH 7, dried and 
evaporated to yield a ycUow viscous oil (44J g.). This was redissolved in hot 
hexane, stirred with activated charcoal, filtered by gravity while hot, and 
concentrated to a yellow solid (wt. 41 g., 82% yield). 

Example 6 

Preparation of: 

2,2-Bis^3^-di-t-butyl^hydn)xyphenylmercapto)-pentane 




t-t 4 Hg 



To a stirred mixture of 47.6 g. of 4-mercapto-2,6-di-t-butylphenol f 50 ml. of 
methanol and 212 ml. of 2-pentanone was added 8 mL of 12N HGL A dense crystal 
slurry and a temperature rise from 20° to 26°C. resulted. After 1/2 hour of heating, 
an emulsion formed (at 53°C) which, an hour later, became a very viscous oil. 
In another 5 minutes, a dense crystal slurry appeared. The total Tf™* was about U 
hours, and the final temperature was 54°C. The slurry was allowed to cool (with 
stirring) to room temperature. The crystals were filtered off, washed with 50 mL of 
an 80% aqueous methanol solution and air dried. The crude crystals weighed 48.8 g. 
and melted at 1292°— 131. 9°C. The product was dissolved in 200 ml. hot ethanoi 
and hot filtered. The solution was cooled to room temperature and then placed in a 
refrigerator. The crystals were filtered off and washed with enough ethanoi to cover 
the crystal cake. The final weight of dried crystals was 35.7 g. (65.7% yield). Their 
melting point was 133.0° — 134 .4°C 

The following table tabulates the per cent reduction of cholesterol in the blood 
of rodents effected by the use of compounds of this invention, and also the per cent 
reduction effected by the use of other compounds of the genus of which the compounds 
of the present invention are also members The compound was added to commercial 
rodent chow at a level of 0.125% by weight, and the mice were allowed to feed ad 
libitum for two weeks. At the end of this period, serum cholesterol determinations 
were performed on all the mice. 



Per Cent Cholesterol Reduction 

Compound 

Example 1 

2,2-Bis^3>5Hli-t-butyl^hydroxyphenylmercapto>propane 

Example 2 

2^-Bis^^^-t-biityi^hydroxyphenyimerap© 

Example 3 

2>2-Bis^3^butyl-5-methyl^hydroxyphenylmercapto)-propane 

Example 4 
2^-Bis^-isopropyl-5-t-butyl^hyd^ 

Example 5 

1.1- Bis^^^-t-b^yl^hyd^xyphenylmeraipto><djane 

Example 6 

2^-Bis-(3 ,5Hii^-butyM-hyd^xyphenylmercapto)-pentane 

2>2-Bis^4-hydroxyphetiylmera|TOVpropane 

2^2-Bis- [ 3 >5^^sec-buty I)^hydroxyphenylmercap to ] -propane 

2^-Bis^33-dimetbyl-4-hydrox^ 

2.2- Bis-{3 *5^-t^u^^hytoxyphenylmercapto)-heptane 
a^Bis^3,5^-t-bm^-4-hydroxyphenyln^ 
«^Bis^^-dl-t-butyl^hydroxyphenyimercapm> 
2^-Bis^>5HjM-amyl-4-hydioxyphenyta 
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2,2- Bis-{3 ,5-diisopropyM-hydroxyphenylmenspto>propane 0 
2^-Bis^2-methyl-5-t-butyl^hydroxyphcnylmercapto)-pTopaiic 0 
2^-Bis-(3-bromcH5-t-bmyl^hydroxyphenylniercapto)-pTopane 0 
2^-Bis-< 3 -t-buryl-5-M^l-4-hydroryphenylmcrcapto)pTopaiie 0 
2>Bis-(3^-dftjromo^hydroxyphaiylmercapto>propane o 
lJ-Bis-O.S-di-i-buryl^hydroxyphenylxnercapto^propaiK u 
Bis-(3^^<-butyl^hydroxypheirylinerapto)-mcthane o 

TTie compounds of the present mvention are useful for reducing the level ot 
cholesterol in the blood of warm-blooded animals. They may be employed direcdy 
in suitable dosage, or as the active ingredient in a feed composition, or withsmube 
nontoxic carriers. Good results are obtained with dosages of from 15 id 600 rrulli- 
grams of active compound per kilogram of body weight of the recipient to provide a 

^fi?S££2 JffitfS invention have the utilities generally 

characteristic of bisphenolic and thiobisphenolic compounds Thus, tneymay be used 
as intermediates in the preparation of a wide variety of materials such u i rubber 
accelerators, flotation agents, dye intennediates, phinT^^ lubne^^dmves, 
or they may be used in one or more of the categories of arm-oxidanrs, i.e. for juboer, 
pasties, fers, petroleum products and other organic materials normally subject to 
oxidative deterioration. 

WHAT WE CLAIM IS: — 

1. A compound having die general formula: 

m oh 

where R. is an alkyl group containing 1 to 4 carbon atoms, R. is hydrogen or an 
alkyl group containing 1 to 3 carbon atoms and the group t-butyl is a ternary butyl 

STOOD* 

2. A compound having the general formula: 




where R 2 is hydrogen or an alkyl group containing 1 to 3 carbon atoms and t-butyl 
represents a tertiary butyl group. 

3. A compound having the general formula: 



a* 

where R t is an alkyl group contairdng 1 to 4 carbon atoms and t-butyl is a tertiary 
butyl^greap. ^ ^ 

5. 2^Bis^,5Htf-t-butyH-lrjdroxyphem 

6. 2J-Bis^-t-butyl-5-methyl^hyto 

7. 2,2-Bis<3-isoproDyM-t-butyl^1rya^ 

8. 2,2-Bis^J^-t-butyl^hydroxypbenylme^ 

9. l,l-Bis^4^-t-butyl^hydn)xypheiryhnercaptt , , 

10 A method of making alkylidenedkhiobisphenols having the general formula: 
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where R, is an alkyl group containing 1 to 4 carbon atoms, R* is hydrogen or an alkyl 
group containing 1 to 3 carbon atoms, and t-butyl is a tertiary butyl group, which 
method comprises reacting a mercaptophenol of the general formula: 




wherein R a and t-butyl are as hereinbefore defined in this Claim, with a carbonyl 
compound of the formula R.CHoCO, in the presence of an acid catalyst. 

11. A method as claimed in claim 10 wherein the acid catalyst is a strong acid 
catalyse 

10 12- A method as claimed in claims 10 or 11, wherein the acid catalyst is 

! B y i ■ ■ hydrochloric acid. 

j ; ? ! ! . 131 A method as claimed in claims 10 or 11, wherein the acid catalyst is 
j ; ; P^^t^d #jc;phuric acid. 

* ' 141 A 1 method as claimed in claims 10 or 11, wherein the acid catalyst is a 
15 strong add canonic exchange resin. 

15. A method of making alkylidenedithiobisphenols substantially as hereinbefore 
described. 

16. Alkylidenedithiobisphenols whenever prepared by a method as MniipH in 
any one of claims 10 to 15. 

CONSOLIDATION COAL COMPANY, 
Per: Bouk Wade & Termant, 
112 Haxton Garden, London, E.Q1. 
Chartered Patent Agents. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1970 
Published by the Patent Office, 25 Southampton Braidings, London, WC2A 1AY, from 
which copies may be obtained. 
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